Purpose. Zika virus infections have recently been reported in many dengue-endemic areas globally. Both dengue (DENV) and Zika (ZIKV) virus are transmitted by Aedes mosquitoes, raising the possibility of mixed infections in both vector and host. We evaluated DENV and ZIKV prevalence in human and vector samples in Kolkata, a DENV-endemic city.
INTRODUCTION
In recent times, dengue (DENV) and Zika (ZIKV) viruses have become major public health concerns following the endemicity, morbidity and mortality associated with the diseases caused by these two viruses. These two positive-sense, single-stranded RNA (ssRNA) viruses belong to the family Flaviviridae and are the causative agents of certain severe arthropod-borne human diseases. Both viruses are spread by the bite of the female mosquito of the Aedes species, principally A. aegypti and, to a lesser extent, A. albopictus.
DENV causes dengue fever (DF), dengue haemorrhagic fever (DHF) and the more severe dengue shock syndrome (DSS) [1] . ZIKV causes Zika fever, which shows a mild form of influenza-like symptoms but, if ZIKV spreads from a pregnant woman to her child this can result in microcephaly, severe brain malformations and other birth defects. In rare cases, ZIKV infection causes Guillain-Barr e syndrome (GBS) with acute inflammatory demyelinating neuropathy [2] . Several studies have suggested that infection caused by these two viruses has increased dramatically in recent years. The authors are of the opinion that the actual number of cases might be even higher because of under-reporting of cases and misclassification of the viruses [3] [4] [5] .
Many parts of India are endemic for DENV infection, and a sharp increase in the number of dengue cases has recently been reported [3] . No specific antiviral is available against dengue. WHO recently recommended that those countries with a high burden of the disease should consider introduction of the first dengue vaccine, Dengvaxia (CYD-TDV), developed by Sanofi Pasteur, but this vaccine is only partly effective and does not provide full protection against DENV infections [6, 7] . Vector-borne diseases like dengue and Zika have become a major threat in Southeast Asian countries, including India due to ever-increasing urbanization [8] , the tropical climate and poor waste management [9] . DENV and ZIKV infections require the same type of environmental conditions, including transmission by Aedes mosquitoes.
DENV has four serotypes, namely DENV1-4, which form different phylogenetic groups based on their nucleotide sequence differences. All four serotypes have been reported in India, and the serotype prevalence associated with dengue outbreak also shifts from one serotype to another. A number of recent studies have reported the presence of more than one serotype in dengue patients [10] [11] [12] , and one of these studies showed that the majority of DHF cases were associated with mixed DENV infection [12] .
Kolkata, the capital of West Bengal and one of the most densely populated cities of India, has issued reports of dengue outbreaks for more than 50 years [13] . Severe outbreaks were reported in the years 2005, 2008 and 2012 [14] [15] [16] [17] . These reports showed the changing pattern of dengue serotype with more than one serotype in circulation, and reported the co-infection of dengue serotypes [12, 16] . A recent study showed that DENV1 and DENV2 were identified at a steady rate from 2008 to 2012 but, interestingly, DENV4 infection has gradually decreased whereas DENV3 has increased over that period and an outbreak with the latter was predicted [12] . These observations clearly indicate that ongoing surveillance is necessary to assess the risk to public health.
Reports of DENV detection in Aedes mosquitoes have emerged from various geographical locations around India including Delhi, Rajasthan, Tamil Nadu and Assam [18] [19] [20] [21] [22] . However, to the best of our knowledge, no such work has been published in regard to Kolkata. All these previously reported works used either direct or indirect fluorescent antibody testing (FAT) using dengue-specific monoclonal antibodies for the detection of DENV. Such tests often give either false-positive or -negative results. Several studies from other countries, including Malayasia and Brazil, have reported the molecular detection of DENV from Aedes larvae [23, 24] , but no such reports are available from India.
Three positive cases of ZIKV infection from the western part of India were reported recently [25] . Twelve Southeast Asian countries had already reported Zika outbreaks, and India being a neighbouring country is definitely at risk [26] . The environmental conditions involved, including transmission by Aedes mosquitoes, are similar for both DENV and ZIKV, so it is important to be vigilant concerning the spread of ZIKV infection in India. It has repeatedly been emphasized that risk assessment for ZIKV should be considered a priority and that the country should be well prepared to face the challenge in combatting ZIKV infection if there were to be an outbreak in the future [26, 27] .
Therefore, the present study was undertaken to explore, at a pilot scale, the role of the vector and human host prevalence of two important flaviviruses, i.e. DENV and ZIKV, in Kolkata, which is a densely populated and dengue-endemic city. We screened patients coming to the outdoor clinic at Calcutta National Medical College and Hospital, Kolkata (CNMC) with dengue-like fever symptoms, by ELISA, and characterized the viruses by RT-PCR and sequencing thereby confirming their serotypes. These and additional NS1-positive sera samples were screened for ZIKV infection by two RT-PCRs. A cohort of Aedes mosquito adults (n=8) and larvae (n=12) was screened individually by RT-PCR to determine whether they were carrying DENV or ZIKV.
METHODS
Study subjects Approximately 2 ml of blood was collected from patients presenting with dengue-like fever symptoms at the Outdoor Clinic, CNMC, for routine diagnosis. Serum was obtained and tested for DENV infection by DENV NS1-based ELISA. Seventy ELISA-positive serum samples were collected during 2015-16 and stored at À80 C until further analysis.
Mosquito and larval samples
Mosquitoes and larvae were collected under the Public Health Program of the Maelstrom Educational Empowerment Trust (MEET), Kolkata during July-September, 2016. Mosquitoes were collected from Jadavpur (samples A8-A10) and Salt Lake (samples A12-A16) in Kolkata, areas 16 km apart. The larvae were collected from Salt Lake (samples L6-L12) and Park Circus (samples L28-L34) in Kolkata, which are 11 km apart. Mosquitoes and larvae were examined microscopically to identify the species based on their morphological characteristics [28] and, following correct identification, insect samples were stored at À80 C before further processing.
Testing human sera samples for DENV NS1 by ELISA ELISA was performed (as per the manufacturer's instruction) on sera using the Dengue NS1 Antigen Microlisa (J. Mitra and Co., Ref No: IR031048) to detect DENV NS1. The volume used in each case was 50 µl. Results were confirmed for each sample by repeating ELISA twice.
Processing of mosquito/larva samples
The individual mosquitoes and larvae were triturated in lysis buffer [containing 1 % SDS and 100 µg ml À1 Proteinase K (Sigma) in 1X PBS]. Ten glass beads of 1.0 mm diameter were added to the solution to help trituration. The samples were manually triturated using autoclaved plastic pestle and vortexed briefly, followed by incubation at 37 C for 45 min with shaking, and further vortexing after digestion. Samples were centrifuged at 4000 g for 2 min. The supernatants were collected and added to Trizol for RNA extraction.
RNA extraction
Total RNA from all processed mosquito and larva samples was extracted using TRIzol reagent (Invitrogen) with phaselock gel tubes. Total RNA from sera was extracted using the High Pure Viral Nucleic Acid Kit (Roche) following the manufacturer's instructions. The concentration and purity of RNA were checked using spectrophotometry (Nanodrop One).
RT-PCR cDNAs were prepared from total RNA using the Superscript III RT kit (Invitrogen). For the detection of DENV, 20 (of the 70) NS1-positive human sera and all adult mosquito (n=8) and larva (n=12) samples were used. DENV RT-PCR was carried out as described by Lanciotti et al., with slight modifications [29] . Previously reported sets of primers were used, and the first-round D1D2 PCR (D1 as forward and D2 as reverse primer) was carried out in the manner similar to that reported by Lanciotti et al. [29] . However, for the second-round PCR, rather than carrying out a single-tube nested PCR for all serotypes as reported by Lanciotti et al. [29] , individual semi-nested PCRs were carried out using D1 (first-round PCR forward primer) and reverse primer specific for individual serotypes (TS1/2/3 or TS4). The reverse primers TS1, TS2, TS3 and TS4 were used to amplify the DENV1, 2, 3 and DENV4 serotypes, respectively. Therefore, separate hemi-nested PCRs for the four DENV serotypes were performed for each of the samples. Two previously published ZIKV-specific RT-PCRs were carried out, based on the ZIKV ENV [30] and ZIKV NS5 gene sequences [31] , on all 70 human sera samples as well as the 20 vector samples. Primers for ENV gene-based PCR were ZIKVENVF (5¢-GCTGGDGCRGACACHGGRACT-3¢) and ZIKVENVR (5¢-RTCYACYGCCATYTGGRCTG-3¢). Primers for ZIKV NS5 gene-based PCR were ZIKVF9027 (5¢-CCTTGGATTCTTGAACGAGGA) and ZIKVR9197 (5¢-AGAGCTTCATTCTCCAGATCAA-3¢). PCR products were resolved using 1 % agarose gel electrophoresis. PCR bands of correct size were either gel purified (Qiagen Gel Extraction kit, Germany) or PCR purified (Qiagen PCR Purification kit, Germany) prior to DNA sequencing.
Sequencing
Nucleotide sequences were confirmed by bi-directional sequencing of the purified PCR products using the same Table 1 . Individual screening of Aedes mosquitoes (adults and larvae) by ZIKV-and DENV-specific PCR Sl No.
NS1+human sera samples
Zika Env PCR (300 bp)
DENV serotypes confirmed by DNA sequencing
Prefixes A and L indicate adult mosquito and larva samples, respectively. Five of eight (63 %) mosquito samples and eleven of twelve (92 %) larva samples were DENV-positive (DENV3).
primers used for PCR. DNA sequences of positive samples were subjected to NCBI BLAST for confirmation of identity. Sequences confirmed by overlapping reads from at least one forward and one reverse primer were aligned using CLUSTALW [32] . Closely related reference sequences used in the multiple alignments were identified by BLAST search using the virus sequences identified in this study. GenBank accession numbers of the reference sequences are shown in the first column of the respective multiple alignments. The DENV sequences (!200 nucleotides) reported in this study were submitted to GenBank.
RESULTS
All mosquito, larval and human clinical samples were collected during 2015-16. Adults and larvae were identified as being Aedes mosquitoes based on morphological characteristics observed microscopically [28] . Five of eight (63 %) mosquito samples and eleven of twelve (92 %) larva samples were DENV-positive (DENV3) by D1-TS3 nested PCR (Table 1) . However, no D1D2 PCR products were visible in the gel in any vector samples examined in the current study (Table 1) .
Twenty DENV NS1-positive human sera out of the 70 human samples were used for detailed molecular study. Eleven of 20 (55 %) samples, including 24ZD, 37ZD, 41ZD, 42ZD and 44ZD were positive by first-round DENV-PCR (using D1 and D2 primers) and produced visible bands of the expected length (511 bp) ( Table 2) . Of the remaining nine human samples (in which the D1-D2 PCR product was not visible), seven proved to be DENV-positive by serotypespecific second-round nested PCR (Table 2) . Representative first-and second-round DENV-specific PCR products with their respective band size (in bp) are shown in (Fig. 1) . Overall, ten human samples were PCR-positive for DENV3, nine for DENV2, four for DENV1 and none for DENV4 (Table 2 ). In total, eighteen out of twenty DENV NS1-positive human serum samples were DENV RNA-positive. The DENV serotypes were confirmed by sequencing the 511 bp D1-D2 bands as well as by serotype-specific nested PCR bands, wherever feasible ( Fig. 2a-d ; Tables 1 and 2 ).
Three samples (36ZD, 39ZD and 41ZD) showed evidence of mixed infection with DENV2 and DENV3, while one sample (24ZD) showed mixed infection with DENV1-3 ( Table 2 ).
DENV1 sample 35ZD showed amino acid changes Asn 96 (AAC) fiThr (ACC) and Leu 106 (CTC)fi Phe (TTC) in the capsid protein C region when compared to the DENV1 reference strains shown in the nucleotide alignment (Fig. 2a) . Samples 9D, 30ZD and 35ZD all showed the amino acid change Ser129 (AGC) fiThr (ACC) in the Flavivirus polyprotein pro-peptide region relative to the reference strains (Fig. 2a) . DENV2 samples 24ZD, 41ZD and 44ZD showed Val162 (GTC) fiIle (ATC) change, as evident from the aligned partial sequences in the Flavivirus polyprotein pro-peptide region (Fig. 2b) . This is a polymorphism when compared to the DENV2 reference sequence JX47590, and was also observed in the case of the other DENV2 reference strain, JQ922549. The amino acid numbering mentioned above accords with the amino acid sequence of the DENV polyprotein of the reference sequences used in the alignment. DENV3 isolates showed no amino acid change in the aligned region (Fig. 2d ).
All mosquito (n=20) and human samples (n=70) were negative for ZIKV by both NS5 and ENV gene-based PCR, within the limits of detection of PCR analysis (Tables 1  and 2 ). Three human samples, 9D, 24ZD and 30ZD, produced false-positive bands when subjected to ZIKV NS5 gene-based PCR. The above bands were, however, faint but visible (data not shown). Therefore, three replicate PCR products of each of these three samples were subjected to concentration-cum-purification using a single Qiagen PCR purification column. Sequencing the combined elute revealed that the gene amplified was part of DENV1 NS5 and not the ZIKV NS5 gene (Fig. 3) .
Sample 30ZD also produced a faint band on DENV1-specific nested PCR. Therefore, the same strategy of PCR product concentration, as mentioned above, was adopted and the combined final elute, on sequencing, yielded the DENV1 sequence (Fig. 2a) .
The accession numbers of sequences submitted to GenBank are included in the respective serotype-specific sequence alignment figure legends (Fig. 2) .
DISCUSSION
The high degree of DENV positivity, even among the relatively small number of test samples (host and vector), suggests that DENV is overtly endemic in the region under study. The majority of Aedes mosquito and larva (16/20) samples, collected from different parts of the city (separated by at least 10 Km), were DENV positive by PCR and sequencing. The number of vector samples was kept small for detailed molecular study of the individual mosquitoes and larvae, rather than the conventional practice of screening pooled samples from larger numbers of vector samples. Of the four prevalent serotypes, only DENV3 could be detected in the vector samples studied. This corroborates the fact that 50 % of the host samples were also DENV3 RNA-positive (10/20). It is notable that the other serotypes Representative gel electrophoresis depicting DENV-specific PCR products. RT-PCR was performed on all samples using D1 and D2 as forward and reverse primers, respectively. Second-round hemi-nested PCR was carried out using serotype-specific reverse primers on the 1 : 100 diluted first-round RT-PCR products. Gel electrophoresis was performed using 1 % agarose gel. L1-L3: DENV1-specific hemi-nested PCR products (482 bp) using the D1-TS1 primer pair. L4: negative control with nuclease-free water with the D1-TS1 primer pair. L5-L7: DENV2-specific hemi-nested PCR products (119 bp) using the D1-TS2 primer pairs. L8: negative control with nuclease-free water with the D1-TS2 primer pair. L9-L11: DENV3-specific hemi-nested PCR products (290 bp) using the D1-TS3 primer pair. L12: negative control with nuclease-free water with the D1-TS3 primer pair. M: molecular weight marker. L13-L16: first-round RT-PCR products (511 bp) using the D1 and D2 forward and reverse primers respectively. L15 and L16 represent D1-D2-negative PCRs, which following hemi-nested DENV serotype-specific PCRs produced bands of expected length (e.g. 27ZD, 36ZD and 43 ZD). L17: negative control with nuclease-free water with the D1-D2 primer pair.
could not be detected in the vector samples, possibly due to the small sample size. Detection of DENV in the larvae indicates that trans-ovarial transmission of DENV is plausible. This may explain the high level of infestation of vectors with DENV and maintenance of the virus in the environment over several seasons. The high incidence of virus detection in the vectors may explain the observation that DENV becomes rampant in Kolkata with the surge of the mosquito population in the pre-monsoon and monsoon seasons.
This is the first report of molecular typing of DENV in individual vector samples from India. Previous studies on vector samples in India implemented either direct or indirect FAT using dengue-specific monoclonal antibodies to confirm the presence of DENV [18] [19] [20] [21] [22] . Such tests often suffer from the drawback of false-positive or -negative results.
RT-PCR of pooled larval samples from Swat, Pakistan, in 2013 yielded a minimum infection rate (MIR) of~14 % [33] . In another study, carried out on samples from Assam in 2013, A. aegypti larvae were allowed to develop in the laboratory to adults; DENV2 RNA was detected in both male and female pools at an MIR of~11 % [19] . The occurrence of DENV in larvae and reared adults is indicative of trans-ovarial transmission, which was previously reported in laboratory experiments with infected mosquitoes to persist for at least seven generations, with the transmission rate increasing from 2.9 to 20-30 % [34] . In contrast, by examining individual larva from each site, we found a much higher true larval infection rate of 92 % and an adult infection rate of 63 %, albeit in a small sample size (n=20) from only two locations.
The current research provides direct molecular evidence (sequence data) that DENV3 and DENV2 were the most prevalent serotypes during 2015-16 in Kolkata, followed by DENV1. No evidence of DENV4 was obtained in any of the samples tested. These findings are further supported by the observation that three of the 20 human samples (15 %) showed evidence of mixed infection with the two most prevalent serotypes (i.e. DENV2 and 3), while one sample (5 %) showed further co-infection with DENV1. A recent report from Kolkata predicted an outbreak with DENV3 [16] , which accorded well with our data from both human and mosquito samples. Interestingly, DENV3 was readily detected in all DENV-positive adult mosquito and larva samples. In our study, PCR product sizes were not sufficiently large and did not contain enough sequence variation to be represented as reliable phylogenetic trees. The gene alignments were intended to confirm that the PCR bands were indeed virus/serotypespecific and that there were nucleotide/amino acid differences among the different test samples.
Previous studies on sero-surveillance of dengue infection in Kolkata were based on only NS1 ELISA, and therefore the results could not indicate serotype prevalence [14, 15] . Other recent studies reported on prevalent DENV serotypes solely based on the pattern of PCR bands obtained from DENV-serotype specific nested PCRs published by Lanciotti et al. [29] ; however no sequence data were available from these studies [12, 16] . It is doubtful whether visualization of bands of expected length is sufficient evidence to confirm DENV positivity or to identify DENV serotype, because the authors have the experience of obtaining such bands of expected length but such bands revealed non-dengue sequences in many instances. Saha et al. further discussed how PCR-based serotyping showed no evidence of coinfection with more than one DENV serotype in their study population from Kolkata during 2008-12, although their sample size was relatively large (433 dengue PCR-positive samples) [16] . This could have been the result of preferential amplification of one serotype when nested PCRs were carried out in a single tube. To eliminate this possibility and for proper characterization of all DENV serotypes, in this study four serotype-specific second-round PCRs were carried out in separate reaction tubes for each sample.
Reddy et al. reported the concurrent presence of multiple dengue serotypes in all their DENV-positive samples from southern India [10] . However, they had first screened their samples based on the positivity of the DENV-specific 511 bp first-round PCR product (produced using primers D1 and D2 from cDNA). Visible bands were observed in only 26 out of 100 NS1-positive samples. Subsequent nested PCRs and further analyses were carried out based on these 26 D1-D2-positive PCR samples. However, in the present study we observed that, for DENV-positive samples, the first-round PCR as reported by Lanciotti et al. [29] did not always produce visible bands, and the second-round nested PCRs using 1 : 100 diluted first-round PCR product often revealed serotype-specific visible bands. The work by Reddy et al. may therefore have under-reported the prevalence of DENV in NS1-positive samples from Kerala [10] . Two of the 20 NS1-ELISA-positive human serum samples were DENV negative by PCR analysis. It is possible that numbers of intact virus particles in the samples were low, or that viral RNA might have degraded. This is not unprecedented, because false-positive NS1 antigen detections (i.e. NS1-ELISA-positive but DENV PCR-negative) have previously been reported from Vietnam and Singapore. In these reports also, the reason for such false-positivity was not known [35, 36] .
All samples (vector and host) were ZIKV-negative when tested using two previously published diagnostic PCRapproaches, one targeting the ZIKV ENV gene and the other the NS5 polymerase gene. Although the ZIKV NS5 genebased primer pair was claimed to be ZIKV-specific [31] , this PCR produced bands of expected length on three DENV NS1-positive human sera samples, which when sequenced turned out to be DENV1 NS5 genes, suggesting that these ZIKV-specific primers unfortunately cross-reacted with the DENV1 NS5 sequence and that this should be interpreted with caution for detection of ZIKV infections. Balm et al.
could not detect any ZIKV-positive samples in 88 samples from Singapore using the above NS5 gene-specific primers [31] . India has recently reported three cases of ZIKV infection in pregnant women from the western part of this country (Gujarat) [25] , but apart from this there are no other published data on ZIKV incidence from India. To the best of our knowledge, this is the first report of ZIKV screening in India in both human and vector hosts from the same region. No evidence of ZIKV infection was found in either human or vector samples from Kolkata. During the present study, the possibility of ZIKV transmission among humans by infected mosquito bites could not be established. Our findings from this pilot-scale study warrant a multi-centric investigation involving a larger sample size to further validate the results.
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